Physiographic soil map delineation for the Nile alluvium and desert outskirts in middle Egypt using remote sensing data of EgyptSat-1  by Afify, A.A. et al.
The Egyptian Journal of Remote Sensing and Space Sciences (2010) 13, 129–135National Authority for Remote Sensing and Space Sciences
The Egyptian Journal of Remote Sensing and Space
Sciences
www.elsevier.com/locate/ejrs
www.sciencedirect.comPhysiographic soil map delineation for the Nile alluvium
and desert outskirts in middle Egypt using remote
sensing data of EgyptSat-1A.A. Aﬁfy a,*, S.S. Arafat b, M. Aboel Ghar b, M.H. Khader aa Soil, Water and Environment Research Institute, Agriculture Research Centre, Egypt
b National Authority for Remote Sensing and Space Sciences, P.O. Box 1564, Alf Maskan, Cairo, EgyptReceived 24 August 2010; accepted 1 September 2010
Available online 27 November 2010*
E
@
G
11
Sc
Pe
Se
doKEYWORDS
EgyptSat-1;
Remote sensing data;
Physiographic units;
Soil classiﬁcationCorresponding author.
-mail addresses: aﬁfy_abbas
narss.sci.eg (S.S. Arafat), m
har), m-kedr@hotmail.com (
10-9823  2011 National Au
iences. Production and hosti
er review under responsibili
nsing and Space Sciences.
i:10.1016/j.ejrs.2010.09.001
Production and h@hotma
ohamed.
M.H. Kh
thority f
ng by Els
ty of Na
osting by EAbstract The objectives of this study are to produce a physiographic soil map with correlated
attributes to be a base for extra modiﬁers within the land information system. This integrated data
will serve the purposes of land use planning, precision farming practices and to be applied in other
areas using the extrapolation approach. The Satellite data of EgyptSat-1 were projected on an area
of Middle Egypt that represents unique physiographic features over portions of Beni Suef, El
Fayoum, Helwan, and October Provinces. The spectral signatures of the land patterns were delin-
eated by the visual interpretation using the physiographic approach, while soil taxa were catego-
rized according to the key of Soil Taxonomy (USDA, 2010), resulting in two landscape
categories. The ﬁrst category includes older and developed parent materials, covering the following
units: (a) Pediplains of residual soils over limestone parent rock, having soils of Lithic Haplocalcids,
loamy skeletal. (b) Terraced old alluvial plains represent the formerly deposited alluvium that pre-
ceded the recent one of the River Nile alluvium. They includes soils of Typic Calcigypsids, loamy
skeletal and old alluvial plain but are currently managed under cultivation. The soils are dominated
by Typic Haplocalcids, loamy skeletal. (c) Wadis that were shaped by the paleodrainage erosion, are
currently subjected to the seasonal ﬂush ﬂooding and are sparsely vegetated including soils of Typicil.com (A.A. Aﬁfy), smarafat
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130 A.A. Aﬁfy et al.Torriﬂuvents, lamy skeletal (calcareous); Typic Torriorthents, sandy skeletal, and Typic Torriorth-
ents, sandy. (d) Aeolian plain ‘‘partly cultivated’’ includes soils of Typic Torripsamments (calcare-
ous). The second category is a recent River Nile alluvium that formed the following units: (a)
Terraced recent alluvial plain ‘‘cultivated’’ includes soils of Entic Calcitorrerts, ﬁne and Typic
Haplotorrerts ﬁne. (b) Recent ﬂat alluvial plain includes soils of Typic Haplotorrerts, ﬁne. (c) Mean-
dering belt is aligning the River Nile course with courser sediments comparing to the recent alluvial
plains. This belt is sub divided as levees that have soils of Typic Torriorthents, ﬁne lomy; point bars
with soils of Typic Torriorthents, coarse lomy; river banks with soils of Typic Torriorthents, coarse
lomy; bow bars with Typic Torriorthents, sandy and Typic Torriorthents, coarse loamy and meander
scars with soils of Typic Torriorthents, sandy. All these taxonomic classes are hyperthermic, being
developed under the hyperthermic temperature regime within an aridic moisture regime.
 2011 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The identiﬁcation of the land resources of Egypt for the agri-
cultural development justiﬁes the importance of producing a
collective physiographic-soil map of Egypt for building up
database of land information system. This system is based
on the application of reliable remote sensing data as well as
using global modern systems for the assessment of land units,
features and soil attributes. This approach will realize the pur-
poses of managing the natural resources, and monitoring the
environmental changes. One of these advanced facilities is
the satellite of EgyptSat-1 that has been launched and con-
trolled by the National Authority for Remote Sensing and
Space Sciences in Egypt. The study area is situated within a
central portion of Egypt as a site that has an important situa-
tion for the agricultural, environmental, and demographic
development. The objectives were to identify the physiographic
units and the associated soils of an area that represents most of
the physiographic features in Egypt. Mapping of these physio-
graphic-soil units can be used with the extrapolation approach
when other areas will be required to be studied. It is also to
ﬁnd a data base to be used for evaluating the landscape attri-
butes for agriculture land use when these data will be intro-
duced for setting up an adaptation between certain land unit
with a speciﬁc crop to give the maximum output for the deser-
tic units or to improve soil and water management for the
managed agriculture. The ﬁndings of this study creates digital
geospatial data sets, using GIS during processing and integrat-
ing digital layers of EgyptSat-1 data, basic topographic maps
and physiographic-soil map. The result is a comprehensive dig-
ital landscape database for certain areas in Egypt. These data
can be matched with the other products with the same stan-
dards to ﬁnd an overall mosaic of the physiographic soil
map for Egypt.
2. Materials and methods
2.1. Selected study area
The site of the study area is coordinated in the upper left cor-
ner as latitude of 29 440 37.30 N and longitude of 31 020 07.65
E. The lower right corner is coordinated as latitude of 29 240
30.32 N and longitude of 31 250 00.67 E. This area covers
about 1,42,500 hectares (3,39,150 feddans) as extending over
portions of Beni Suef, El Fayoum, Helwan, and October Prov-
inces (Fig. 1).2.2. Visual interpretation of EgyptSat-1 data
The spectral signatures of the physiographic features of the
study area were based on EgyptSat-1 data 2008. These data
have spatial resolution of 7.8 m and spectral resolution of
0.51–0.59 lm ‘‘Green band’’, 0.61–0.68 lm ‘‘Red Band’’ and
0.80–0.89 lm ‘‘Near Infrared band’’. The combined bands
were rectiﬁed to ﬁt a Geographic projection, Spheroid name
of WGS84 and Datum Name of WGS84. The spectral signa-
tures were interpreted for the assessment of landscape evolu-
tion and physiographic unit’s delineation, applying the
physiographic approach as proposed by Goosen (1967) and
based on the author’s local reference level.
2.3. Ground truth
The preliminary physiographic map was reﬁned during the
ground truth to emphasise the boundaries between the physio-
graphic units. Seventeen pedons and 35 mini pits were located
to represent the different physiographic units. Soil proﬁles were
dug to 150 cm or to the lithic contact andwere described accord-
ing to the nomenclature of Soil Survey Manual (USDA, 2003).
2.4. Laboratory analyses
Particle size distribution was carried out according to Carter
and Gregrich (2007), CaCO3 content by using the Collin’s Cal-
cimeter (Black et al., 1965). Soil pH was measured in the sat-
urated soil paste (Richards, 1954). Salinity was expressed as
electrical conductivity (EC) in the soil paste extract using a
conductivity meter. Gypsum was determined by the acetone
method (Bower and Huss, 1948).
2.5. Soil classiﬁcation
Soil taxa were categorized according to the key to Soil Taxon-
omy (USDA, 2010), which was based on the climatic data that
represent the study area as issued by the Meteorological
Authority of Egypt (2006).
2.6. 6-Etymology
Etymology was expressed with reference to the Dictionary of
Earth Science (Allaby, 2008), Glossary of Geology (Bates
and Jackson, 1980) and the Latin English Dictionary (Smith
and Lockwood, 1996).
Figure 1 Location map of the study area.
Physiographic soil map delineation for the Nile alluvium and desert outskirts in middle Egypt using 1313. Results and discussion
3.1. Physiographic-soil units
Physiography; etymology: Greek ‘‘Physis’’ = nature and
‘‘graphein’’ = to draw. Physiographic approach can provide
a good basis for explaining geomorphology through aerospace
image interpretation (Goosen, 1967). The physiographic gene-
sis was performed to ﬁnd a land attribute illustration for a vast
area, considering the parent rock and the inherited parent
material, which can be traced by the paleo and recent drainage
patterns as mediators between the highlands and lowlands
(Aﬁfy et al., 2007). This approach led to clues for identifying
two physiographic categories in the study area of different par-
ent materials derived from different parent rocks. They were
the resultants of River Nile sedimentations and also the desert
landscape as related to the pedimentation, runoff and aeolian
processes. These physiographic soil units were mapped in
Fig. 2, presented in Table 1 and described as follows:
3.1.1. Pediplain
Pediment is a plain of low relief formed in arid or semiarid re-
gions at the base of a receding mountain front. A pediment is
underlain by bedrock that is typically covered by a thin discon-
tinuous veneer of soil (USGS, 2009). These physiographic units
occurred in the eastern and western sides of the study area,
having sloping gravelly and stony surfaces. They were
developed as residual parent material over limestone parentrock. These units are occasionally interrupted by the presence
of scattered rock outcrops and are locally covered by a thin
strata of alluvium down slope. This pediplain includes soils
that have lithic contact at 40 cm. from the surface overlayed
by extremely to very gravelly sandy loams that include more
than 40% calcium carbonate with calcic horizon ‘‘Bk’’ to ﬁt
the taxonomic unit of Lithic Haplocalcids, loamy skeletal,
hypothermic (proﬁle 1).
3.1.2. Terraced old alluvial plain
Terraces are remnants of formerly deposited ﬂoodplain during
a process that preceded the recent River Nile deposits of Holo-
cene Era. On these terraced plains consequent streams were
rejuvenated, resuming down-cutting, thereby forming terraces
(Said, 2001). These terraces are widely distributed in the study
area as terraced old alluvial plains. They were located west and
east of the recent alluvial plain of River Nile sediments, repre-
senting an old alluvium that preceded the recent River Nile
one. They have gently undulating gullied and gravely surfaces
having soils with developed calcic ‘‘Bk’’ and gypsic ‘‘By’’
horizons in very gravely sandy loams. They are classiﬁed as
Typic Calcigypsids, loamy skeletal, hypothermic (proﬁle 2).
These soils are locally laking the gypsic horizon to be Typic
Haplocalcids, loamy skeletal hypothermic (proﬁle 3).
3.1.3. Reworked terraced old alluvial plain
These terraced old alluvial plains are the eastern and western
outskirts of the River Nile alluvium. They have the same origin
Figure 2 Delineated physiographic-soil units of the study area using EgyptSat-1 data.
132 A.A. Aﬁfy et al.as the above mentioned unit but are currently introduced un-
der cultivation. Their surfaces were mostly managed and
cropped but are locally still under the reclamation process.
The soils include developed calcic horizons in very gravelly
sandy loams over sandy clay loams. The taxonomic class is Ty-
pic Haplocalcids, loamy skeletal, hyperthermic (proﬁle 4).
3.1.4. Wadis
Wadi; etymology: Arabic ‘‘wadi’’ = the opening engraved line
within high or low lands. These wadis are dry paths which re-
ﬂect the old former modes of water runoff over the same path
during the paleodrainage action. They are distributed west and
east of the river Nile alluvial plain and are sparsely vegetated.
Their ﬂow directions start from eastern and western higher
lands reaching the margins of the River Nile alluvium. Theyare running within the units of terraced alluvial plains and ped-
iplains. The eastern wadis are relatively wider than those in the
west. Recently, these wadis are paths of seasonal runoff as a
result of short showers and intermittent rains on the catchment
areas. The soils are dominated by very gravelly sandy loams to
be Typic Torriﬂuvents, lamy skeletal (calcareous), hyperthermic
(proﬁle 5). They are in association with very gravelly loamy
sands to be Typic Torriorthents, sandy skeletal, hyperthermic
(proﬁle 6) and gravelly loamy sands to be Typic Torriorthents,
sandy, hyperthermic (proﬁle 7).
3.1.5. Aeolian plain
Aeolian; etymology: Latin ‘‘aeolus’’ = god of the wind. The
origin of the sand is related to the ﬂuvial erosion of the Nubian
sandstone as exposed in the southern part of the desert and
Table 1 Physical and chemical analyses of the soils in the study area.
Physiographic units Proﬁle
No.
Horizon Depth
(cm)
Gravel
(%)
Sand
(%)
Silt
(%)
Clay
(%)
Modiﬁed
texture
class
EC
(dS/m)
CaCO3
(g/kg soil)
CaSO4Æ2H
(g/kg soil)
Pediplain 1 Ak 0–25 35 58.8 18.8 22.4 VGSL 26.6 348 48
Bk 25–40 60 65.1 15.4 19.5 EGSL 20.3 361 35
R 40
Terraced old alluvial
plain
2 Aky 0–30 40 82.9 6.8 10.3 VGLS 14.9 125 128
Bky1 30–50 35 65.9 14.5 19.6 VGSL 11.7 89 217
Bky2 50–120 35 70.1 13.4 16.5 VGSL 10.9 137 92
3 Ak 0–15 40 83.3 6.9 9.8 VGLS 4.8 189 58
Bk1 15–40 35 64.8 14.5 20.7 VGSL 7.3 206 47
Bk2 40–120 35 72.6 12.5 14.9 VGSL 14.1 98 48
Terraced old alluvial
plain ‘‘cultivated’’
4 Akp 0–20 40 68.1 13.2 18.7 VGSL 3.6 91 8
Bk1 20–45 40 63.6 16.1 20.3 VGSL 2.9 138 7
Bk2 45–75 35 55.6 17.9 26.5 VGSCL 2.5 154 4
C 75–150 30 56.3 15.4 28.3 GSCL 3.6 143 2
Wadi 5 C1 0–15 30 74.1 11.4 14.5 GSL 4.3 88 2
C2 15–55 35 77.3 10.5 12.2 VGSL 6.6 101 4
C3 55–70 35 83.4 7.7 8.9 VGLS 8.9 79 7
C4 70–150 40 69.1 12.4 18.5 VGSL 5.1 65 5
6 C1 0–15 5 83.3 7.6 9.1 SGLS 4.3 105 21
C2 15–35 30 72.1 11.4 16.5 GSL 4.6 99 31
C3 35–65 40 84.5 7.1 8.4 VGLS 5.9 119 17
C4 65–150 35 84.2 7.7 8.1 VGLS 7.9 99 12
7 C1 0–20 20 83.2 7.9 8.9 GLS 5.3 115 22
C2 20–40 30 68.9 12.5 18.6 GSL 4.6 89 29
C3 40–70 20 83.1 7.7 9.2 GLS 3.9 109 27
C4 70–150 25 82.5 8.7 8.8 GLS 6.9 109 18
Aeolian plain 8 C1 0–25 0 93.5 2.4 4.1 S 2.3 67 4.0
C2 25–60 0 90.4 3.9 5.7 S 3.8 81 7
C3 60–150 0 89.8 4.1 6.1 S 2.2 89 6
Terraced recent alluvial
plain
9 Ap 0–20 0 23.5 26.6 49.9 C 2.2 121 14
Bk 20–60 0 21.8 22.4 55.8 C 2.6 186 31
C1 60–75 0 20.4 23.1 56.5 C 1.5 132 25
C2 100–50 0 46.2 20.3 33.5 SCL 1.1 147 47
10 Ap 0–15 0 23.5 25.6 50.9 C 1.2 13 11
C1 15–55 0 23.8 21.4 54.8 C 1.3 48 21
C2 55–95 0 18.4 24.1 57.5 C 1.5 42 15
C3 95–150 0 25.4 24.8 49.8 C 1.3 39 13
Flat recent alluvial
plain
11 Ap 0–15 0 31 23.4 45.6 C 1.1 24 4
C1 15–45 0 24.2 26.5 49.3 C 1.3 15 7
C2 45–60 0 27.6 20.9 51.5 C 1.2 26 6
C3 60–150 0 25.2 24.4 50.4 C 1.1 23 5
12 Ap 0–25 0 25.1 19.5 55.4 C 1.1 18 8
C1 25–55 0 26.8 19.6 53.6 C 1.3 17 7
C2 55–150 0 30.6 17.6 51.8 C 2.2 19 8
Levees 13 Ap 0–15 0 54.3 15.1 30.6 SCL 0.9 14 4
C1 15–30 0 55.6 13.5 30.9 SCL 1.1 11 7
C2 30–75 0 53.8 10.7 35.5 SC 0.9 13 4
C3 75–150 0 51.7 19.9 28.4 SCL 1.1 12 3
Point bar 14 Ap 0–10 0 51.7 17.9 30.4 SCL 1.1 14 8
C1 10 40 0 62.3 12.5 25.2 SCL 0.8 9 5
C2 40–60 0 69.1 14.6 16.3 SL 1.1 12 3
C3 60–150 0 68.2 14.3 17.5 SL 1.2 8 4
River bank 15 Ap 0–30 0 53.5 16.3 30.2 SCL 1.3 8 2
C1 30–60 0 68.2 15.3 16.5 SL 1.2 7 5
C2 60–150 0 68.9 14.8 16.3 SL 1.4 13 3
(continued on next page)
Physiographic soil map delineation for the Nile alluvium and desert outskirts in middle Egypt using 133
Table 1 (Continued)
Physiographic units Proﬁle
No.
Horizon Depth
(cm)
Gravel
(%)
Sand
(%)
Silt
(%)
Clay
(%)
Modiﬁed
texture class
EC
(dS/m)
CaCO3
(g/kg soil)
CaSO4Æ2H
(g/kg soil)
Bow bar 16 Ap 0–15 0 68.2 13.3 18.5 SL 0.8 7 5
C1 15–30 0 82.2 7.7 10.1 LS 0.9 6 3
C2 30–60 0 80.6 9.7 9.7 LS 1.5 5 6
C3 60–150 0 80.7 6.8 12.5 LS 1.3 4 7
Meander scar 17 Ap 0–30 0 82.5 7.7 9.8 LS 1.6 8 3
C1 30–70 0 84.6 6.7 8.7 LS 1.8 7 2
C2 70–150 0 81.7 7.8 10.5 LS 1.3 5 3
A, B, C, R = master horizons, k = accumulation of calcium carbonates, y = accumulation of gypsum, VG= very gravely, G = gravely,
SG = slightly gravely, S = sand, LS = loamy sand, SL = sandy loam, SCL= sandy clay loam, C = clay, p = plowed top layer.
134 A.A. Aﬁfy et al.transported toward the north. This occurred in the courses of
ancient rivers that led to inland depressions as dry climates set
in, the wind mobilized the sand to be shaped into dune forms.
Thus, the hypothesis implies that sands were deposited by
water and sculptured by the wind (El-Baz, 1998). This aeolian
plain was deposited in the study area by wind action in the
open landscapes, having gently undulating surfaces, including
loose sands of Typic Torripsamment, hyperthermic (proﬁle 8).
3.1.6. River Nile ﬂood plain
3.1.6.1. Terraced recent alluvial plain. This unit is a part of the
recent alluvium in El Fayoum depression. This alluvium en-
tered the depression through El Hawara channel at Lahun to
link the depression with the Nile at the end of the Pleistocene
(Said, 2001). The maximum extent of this alluvium occurred in
mid Holocene as the ﬂuctuated lake area was bounded by the
20 m contour (Hassan, 1986). It is most probable that the ter-
raced features of this alluvial plain were the resultant of the
ﬂooding level ﬂuctuation. The soils have calcic horizons in
clayey soils which are characterized by swelling and shrinkage,
ﬁtting the requirement of Vertisols to be Entic Calcitorrerts,
ﬁne, hyperthermic, (proﬁle 9). They are associating with soils
without calcic horizon as Typic Haplotorrerts ﬁne, hyperther-
mic (proﬁle 10).
3.1.6.2. Flat recent alluvial plain. This alluvial ﬂood plain is the
widest River Nile alluvium that formed by the former seasonal
and periodic ﬂooding of the River Nile course, resulting in a
low-lying cultivated plain, aligning the River Nile meandering
belt. This alluvium has ﬂat surfaces and is dominated by clayey
soils, having the requirements to be Vertisols as Typic Haplo-
torrerts, ﬁne, hyperthermic (proﬁles 10 and 11).
3.1.7. River Nile meandering belt
Huggett (2007) stated that, water ﬂow through a meandering
course encourages erosion and undercutting of banks on the
outside of bends and deposition and the formation of point
bars on the inside of the bends. The resultant is an alteration
of the course through cut offs and channel diversion. In the
study area, the River Nile acts where it reached its graded state
and the energy caused lateral erosion and deposition, produc-
ing meander shape. The sediments of this meandering River
Nile have relatively coarser parent material compared to those
in the ﬂood plain. The developed physiographic units under
this depositional process in the study area were identiﬁed as
follows:3.1.7.1. Levees. The levees are relatively higher embankments
adjacent to the River Nile banks with very gentle slopes. These
units are the resultant of multiple ﬂooding above the level of its
outer ﬂoodplain. They were formed by the frequent ﬂooding,
including relatively coarser ones than those in the ﬂood plain
as they were suddenly out loads due to the ﬂow reduction.
These levees are cultivated including soils that are dominated
by sandy clay loams. These soils are Typic Torriorthents, ﬁne
loamy, hyperthermic (proﬁle 13).
3.1.7.2. Point bars. These point bars are located aligning the
River Nile course surrounding the inside line of the River in
the meandering sites. They are clearly identiﬁed within the
meander loop as alluvium, composing of relatively coarse par-
ent materials. This alluvium is eroded from the outside bend
and deposited on the inside. The soils are dominated by sandy
loams which ﬁt the requirement of Typic Torriorthents, coarse
lomy, hyperthermic (proﬁle 14).
3.1.7.3. River bank. These river banks were deposited where
stronger currents exist. The cut bank of a stream meander is
the bank where erosion is concentrated. They are ﬂat and culti-
vated, locally affected by water seepage from the River Nile
course. They occupy strips aligning the River Nile course, hav-
ing soils that are dominated by sandy loams. The taxonomic unit
is Typic Torriorthents, coarse loamy, hyperthermic (proﬁle 15).
3.1.7.4. Bow bars. These bars appear inside meander bends as
asymmetrical islands, surrounded by water, by narrow chan-
nels in a side and wide ones in the other side. They are ﬂat cul-
tivated sediments having soils of loamy sands ﬁtting the
taxonomic unit of Typic Torriorthents, sandy, hyperthermic
(proﬁle 16).
3.1.7.5. Meander scar. These meander scars were identiﬁed as
two polygons along the meandering belt in the study area.
They seem as a former portion of a point bars that were aban-
doned when a meander was cutoff and the river channel shifts
to the western side. The abandoned channels were identiﬁed to
the east of these meander scars. These scars occurred when the
channel is blocked or the water shifted from that abandoned
channel. To the west of these scars an active channel is bend
while the channel is shifting and the outside bank is eroded
to isolate the scar from an oxbow bar. The soils are dominated
by loamy sands, which are classiﬁed as Typic Torriorthents,
sandy, hyperthermic (proﬁle 17).
Physiographic soil map delineation for the Nile alluvium and desert outskirts in middle Egypt using 1354. Conclusion and recommendation
(1) The approach of using the physiographic analysis by the
visual interpretation is highly recommended for such a
study, which leads to a well understanding of landscape
genesis and features. This approach also helps for trac-
ing the drainage pattern as mediators between the parent
rocks in the highlands and the inherited parent materials
of the speciﬁed soils in the relatively lowlands. The
resultant is relationship closeness between the physio-
graphic unit’s identiﬁcation and the taxonomic unit
speciﬁcation.
(2) The current study produced a physiographic-soil map to
be used as a base map for rather later on mapping of
land use, land cover and land suitability for certain crop-
ping pattern.
(3) The landscape spectral signatures by EgyptSat-1 data
within the visible and near-Infrared spectrum are helpful
mediators for the well identiﬁcation of the physiographic
units. This band combination has a good resolution as
reﬂected from the physiographic units which led to a
well differentiation between the cultivated, naturally
vegetated lands, natural or artiﬁcial water ﬂow, urban-
ized areas and drainage pattern.References
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